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We have measured correlations between single high—pT (1.5<pT<3.5 GeV/c)
trigger particles on one gide of the beam line and groups of particles entering
a calorimeter on the opposite side of the beam line. The mean transverse
momentum measured in the calorimeter is found to increase with the trigger-
particle transverse momentum. The coplanaricty of the events increases with
trigger-particle transverse momentum. We have compared our data to the pre-
dictions of a phenomenological four~jet model. To fit our data we find that

we must give large (0.9 GeV/c) mean transverse momenta to the constituents of

the initial hadrens.
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I. INTRODUCTION

The possibiliry that largeemomentum-transfer hadronle reactions
might display a multiple jec structure and thereby reveal the nature of
thi interaction betwveen the hadron constituents [t} has stirred experi-
mentalists to undertake the types o ficult experiments required to
atudy these tare processes.

Expuriments to date have urilized calorimeters to achleve sensitivity

to all hadrens in the jets. Calorimeters have the additlional advantage of

providing a prompt, relatively fool-proof rr signal which can be used to

trigger the apparatus. Our experiment i3 a member of the first group [2,3,4]

af high—pr—triggpred large-auceptance experiments carried out at Fermllab.
Subsequent experiments at CERN [S] and Fermilab [6] have used even larger-
lorimetars ro obtaln a more complece view of the high-p
rractions,

In additfon to a calorimeter trigger, our experiment had the feature
of being triggerable by a single high—pt particle. The analysis of this

fearure of the experiment constitutes the present paper.
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I1. GENERAL PLAN OF THE EXPERIMENT

The experimant consisted of two large~aperture arms. The arme ware
orientated approximately back-to-back in the center-of-mass frame of the
colliding beam and target particles. One arm was a 1.0-steradian-acceptdnce
single-magnet spectromater. The other arm was a 2,3}-steradian-acceptance
calorimeter. A pian view aof the experiment is shown in Fig. i. A beam view
{in the center-of-mass f[rame for an incident 280-GeV/c w') i3 shown in Fig. 2.
“Our choice of coordinace system is defined in Figa. 1 and 2.

The plan of the expariment had two aspects. The experiment was designed
to be triggered on either: (1) a high-pt { » 2 GeV/e) charged particle in the
spectromater ars or {(2) the collective transverse¢ momentum posdeased by a group
of parcticles which happen to encer the calorimeter.

In the avent of a gpectrometer-arm trigger, the calorimeter arm served as
an efficienc detector of particies which may be recoiling from the trigger
particle. The azimuthal acceptance of che calorimerer arm vas aade especially
large to provide a wide field of viaw in which to search for a signal of part-~
icles which are coplapar wich the crigger psrticle. Such a coplanarity sigoal
would seem to result naturally in reactions which are dominated by a single
hard-scattaring process ssong tha hadron coomtituents.

The calorimerer-trigger avents served as a measurement of the probabilicy
that a group of particles within a restricted solid-angle will carry a large
{ > 2 Ga¥fe) tranaverse momentum. The distribution of particles within our
largs calorimecer in these hi]h-pt events can be analyred for evidence of jet-
like behavior.

We wanted cc compare high—pc reactions for both pion and proton beams. We
further wanted to look for syscematic variations in the number and form of high-
P, reactions with incident beam momentum.

The expariment wvae set up in the Ml beam l[ine in the Meson Lab at Fermilab,
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Data were taken for pesitively charged beam particles at momenta of 100, 200
and 340 GeV/c. Dara for :gative beam particles were taken it momenta of
100, 200 and 280 GeV/c.

An analysis of the calorimeter-triggered dota For 100, 200 and 340 CeV/c
op reacticns has been previously reported [4]. In this paper we concentrate on

the analyals of spectromater—-triggered dara at our highest heam energles,
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I11I. APPARATUS
A. The Beam and Target

Particles for our beam were produced by collisions of 400-
GeV/¢-momentum protons with the Meson Lab target. The M) besa
line accepts particles produced at 3.5 mrad. The particles
were transmitted a distance of 430 meters o our experimental
area, We rook data for positive-beam intensities ranging from
2:106!sec at 100 GeV/c to 10%/see ar 240 GeV/c and for negative-
bean intensicles from 106!s¢c at 100 Ga¥/c to 3!105/s¢c at 280 CeV/c.

For beam momenta of 200 CeV/c¢ or less, plont and kaons
were identified by two differential Carenkov counters. Positive
beam particles atr 340 GaV/c ware taken to be purely protons;
negative pacticles at 280 CaV/c to be purely plons.

Far beaa momenca of 200 CeV/c or less, all data vere taken
with the liquid hydrogen target in the standacd powtcion
shown in Fig. 1. For positive J40-GaV/c and negasive 280-CeV/c
motientum beam, apectromecer—arm data were also taken at the standard
target position, At these highest bess momenta calorimecer-arm
data were caken with the targer moved 1.04 o ypstream to maincalin
the calorimeter acceptance at approximately 30 deg Ln the center—
cf -mase frame,

The rarget was a S-co—diameter, 30~cm—long flask filled with
1iquid hydrogen. The Mylar end caps of the flask were 0.1) o

thick. The windowa of the vacuum epclosure vere more than 14 cm
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Erom the Flask.

For callbration purpoaes a dipole magnet with adjustable
azimurhal orientation was placed lO0m upstream of the rarger.

Ry varvlng the orientation and magnetic field of the magnet,
electrona and hadrons of known oomentum could be directed aver
the antire Face of the calorimerer. The dipole megnet was also
used to direct baam particles Latc the spectromefer arm to
check the spectrometer momencua calibration with the beam line
calibration.

Both arms of the experiment were shielded from Interactions
which occurred far upatrean of the target by concrete blocks
placed adjacent to the beam pipe upatrean of the rotating magnet.
A wall of scintlllation counters was placed about 2= upstream of
the hydrogen target tc veto events accompanied by surviving charged

particles from far-upstream interactions.

B. The Spectromster Arm

A charged-particle spectrometer was formed by a single Fermilab BM109
magnet. The 3M109 magnet has pole pleces which are 0.61 m wide by 1.83 m
deep., The BMIOY normally has a gap of 20.3 cm. Sipce the cress sectlon for
praduceien of hlgh-pt particles 1s small we needed to make the acceptance of
our spectrometer as large as possible. We therefore inserted 20.3-cm-thick
steel spacers in the rwo flux return paths of the magnet; thus forming an ex-
panded aperture which had the shape of a cross. Momentum anziysis of tracks
was restricted o the regilon of nearly uniform magnectic field icn the central
0.61 m by 0.406 m apertura.

Measuremants of the 1n:egr:und field strength for paths passing normally
through the magnet aperture were performed usicg a very long fllp coll. The
meggurements were taken over a grid of positions which covered the full hori=~
zontal span and 2/3 of the vertical span of the central aperture. The mea-
sured variaticns (mostly less than 13X, approaching 10 very close to the
horizontal edge) In magnetic fleld arrength were taken i{nto account in the
momentuh analysis.

The magnet was generally run at a magnetle fleld strength of 0.%94 Tesla.
The transvetrse momentum kick lmpartad to a particle traveling straight through
the center of tha aparture was 0.52 GeV/c.

The BMIO9 magnet straddled the beam line as shown in Fig. L. The 20.3 cm
gap betveen the coils produced by the insertion of the steel spacers provided
a passageway for clean transmission of non-interacting beam particles through
our apparatus. The magnet wvas oviented at an angle of 61 arads with respect to
the beam line so that the parcicles would enter the uniform field region at

close to normal incidence, The eptrance aperture of the magnet was 4.0 m from



the standard position of Lhe target.

A& high-pt aingle—p-rticle trigger was formed by three scintillation
hadoscopes. Ome hodoscope, A, was placed upstream of the AMI09 magnet at a
distance of 31.66 m from the target] ¢the rematnilng hodoscopes, B and C, were
placed downstreanm of the magnet at distances of 6.88 n and 9.14 m respectively
from the tarpet.

The trigger bodoscopes were designed s0 that a ninimum transverse momentim
af 2 GCe¥fc could he required unilformly over rhe range, 39 < 0 < 132 mrads , of
praoduction angles spanned by the A hedoscope. Tor each 4 element a raage of
send angles was defined by a set of three adjacent B elements and four adjacent
C elements. The maximum allowed bend angle was the same for both bend~away
and hend-back tracks rto achleve equal sensitiviry to both negatively and pos-
ftively charped particles. The elements were designed so that the range of
tbend angles for each A hodoscope element was proportional to the central pro-
duction angle defined by thac element. Thus lower-momentum particles were
allowed at larger praduction angles such that the transverse momentum require-
ment was uniformly 2 GeV/c.

The transverdse nogentus threshold had a width due to che length of the
tarzet and the widtha of the hodascope elements. The threshold widch depended
on the production angle. For a productfion angle of 100 mrads the acceptance
was 10% at 1.7 CeV/c and 30X ac 2.75 Ge¥/c for trajectories which bend back
to the beam line and was 10X at 1.6 GeV/c and 90X at 3.0 Ge¥/c¢ for bend-away
trajectorles. The widths of the elements were made as narrow as feaszible.
There were 21 A elements, 23 B elements and 24 C elements. The A elements
were the natrowest, ranging in width from 0.86 cm to 2.77 cm.

The vertical acceptance of the trigger was set by the 2.14 cm height of

the A hodoscope elemencs, The B and C element heights vere made slightly
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oversize. At the exit of the magnet, the Lrigger trajectories filled 75% of
the vert{cal span and nearly all of the horizontal span nf the central aperture.
The trigger acceptance was 0.70 steradian in the center-of-mass frame for a

beam momentum of 200 GeV/e.



C. The Calorimeter Arm

A calorimeter was placed on the opposite side of the beam line
from the apectrometer. The front face of the calerimeter was only
2.43 @ from the standard pusition of rthe targer. The calorinerer
posttion was determined by our desire [o have large acceptance in both
arms of the experiment and by the necessity of fitting tha calorimeter
in front of the AM10Y magnet.

The calorimecer wags composed of two indepandent sectioas. The
trane sectfon was designed to measure elecrromagnatic shovars produced
by entering gamma rays. This section was conatructed of eight O.6é~cwm=
thick sheats of lead tncerleaved with 0.64-cm-chick sheets of plastic
scintiliator., Thae resar section was constructed of 12 2.5 -ca-thick slabs
of sciinless steel Interleaved wirth 0.6L-cm-thick sheets of plaseic
scincillator. Each shecet of plastic scint{llator consistod of a series of
equal-width atrips. The orientation of the strips was slternated batween
the horizontal and verrical diroctions &t each succesaive dapth in tha
calorimeter to give both x and y readout. 1In fach section a sum over
thy longitudinal developmeat of the shower vae performad by adding the
iight from corresponding strips ar the various depths. In effact, each
saction of tha calovimeter vas divided into horiroatal and vartical
segments as illustrated 1n Fig. 2.

The 0,52-m~wide by 1.02-o~high lead section was placed so thac the
nearest edge vas 13 cm from the beam line. The sperture of the azeel
section at the mean shower depth was (.59-m wide by 1.02Z-n high with the

aearest edge L7 cm From the beam line. The acceptance of the lead section
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was about 10X greater chan the steel-section acceptance. The mean
dcceptance for a beam momentum of 200 GeV/c was 2.3 steredians.

The energy resolution of the calorimeter was measured to be
cE=0.263EfEEUYEor the lead section and UE - 0.813576557 for the steel

section. The calorimeter and irs weasured respoase were described in

more decail in our earifer report{4].
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D. The Multiwire Chambers

Twenty-eight ploanes of multiwire chambers comprising a tetal of 1B0QO
wires were ysed throughout both arms to measure the trajectories of charged
particles. Seventeen of these planes were placed upstream of the BMIOY9 magnet
to meagure the straight trajectories of particies emanaring from the targer.
Eight of the upstream planes were centered on the beam line within 1.64 m of
the standard carget position to provide a good medasurement of the positien of
the event vertex. Three upstream planes near the magnet aperture and six
nlanes near the calorimecer sravided good definfcien of the crajectories of the
particlea entering the two arms. Fleven planes placed downgtream of the magnet
wera used to measure the exlt trajectories from che spectiometer.

The planes were grauped Into ten chambers, Two chambers were doublets of
x and y-measuring planes. The other eight chambers were triplets of planes
measuring a principal coordlnare ind coordinates ar *26.6 deg to this princlipal
divection, The wire apacing was 2 mm for normally strung planes and was 1.8 mm
for diagenally strung planes.

In the spectromefer arm the chambers were placed so that the principal
direction was horizontal thus measuring the bend-plane projection of the trajec-
tory with mixioum precision, The rwo cnlorimeter arm chamhers were placed with
cthe priacipal directian verelecal in order to span the large vertical acceptance
nf the calorimeter, The chamber arrangement is shown in Fig. 1.

The pattern of hir wires was read our 1in a two—satage process. The firme
stage was performed in parallel at each plane and consisted of codlng and
staring the addresses of the hit wires. In the codlog precess a pair of ad-
jacent hit wires was given i single half-wire address cotrresponding to the

oint between the twoe wirey For a sequence of four or more congacurive

13-

hit wires only the half-wire addresses at the start and end of the sequence
were coded. Upon the completlion of the coding process the hit wire addresses

from each plane were read out sequentially.
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E. Chasber Performance and Spectrometer Resolution

Defining a particle to have been detected {f a wire within a distance of
two wite spacings from che point of passage records a hit, the chamber efficlen-
cles were messured to be generally 27-98X. Twn troublesome planes had measured
efficiencies of aboue 90%. ALl 28 planes were in operation for all data re-
ported {n this paper.

With chamber efflciencles as measured the fractional error in momencum

A ta b= a te =0 0L
d L& o= gpl@ MU

messured In the SpeciToGETeEr
The fractfonal errer in transverse momentums, apt!pt. was largest ac che small-
eat produccfon angles. The increase in cthe fractional ecror was dus not only

to the decresse in the production angle but alsc to the increase of the momsntum
raquired to produce a given v, value. The fractional transverse momentum error

for p_ = 2 Ga¥/¢c at the smallest lab angle, 19 mrad, was calculated to bhe 2.1X

for bend-back tracks and 2.)% for bend-away trachks.
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IV. EVENT RECONSTRUCTION

A. The Spectromecer Arm

1. The Character of the Data

Analysis of the spectrometer-triggered data showed that only 1-2% of
cthe events contaln
stage of the experiment calculations of the trigger rate were performed
using a Monte Carlo simulation of multiparticle events. The Lrigger rate
due to saveral-particle effects was calculated to be about ten times great-
er than the genuine single-particla rate. Our obesrved rate was anoCher
factor of 5 or 10 greatar, probably dus re effects of secondary interactions
in the apparatua.

Our crigger had the elffect of seleacting the genuine high-p, particle
events as well ai those events which produced encugh secoudary spray to
satisfy the requirement falsely. Most events had a Length of 300-400 I6-bit
words. The length discriburion had a smsll rail which extended out to
lengths of more than 800 words. The high-length rail posed a computing-
time problem. No evenc with greater thaa 250 hits lo the dowostream chambers
was analyszed. No analyzed esvent which yielded a genuinae high-p! particle
had a downstresm sultiplicicy greater than 17% hits; a strong imdication
that no genuine events were eliminated »y the multiplicicy cuc,

Gecauss of the compiexicy of aany of the sveants the reconstruction ai-
gorithm vas designed to require sufficiemt redundamcy im the chambar infor-
macion to guarantee that no false tracks vere recomstructed. The algoritha
requiread & minisum 1O-conetreint fic to the trigger trajectory. Most fita
ware over-constrained aven mora. A penalty in reconstruction efficiency

vwas pald for this emdundancy. The absolute reconstruction efficiancy for



2. The Track Reconstruction Algorirhm

The track reconstruction algerithm consisted of the following

the spectrometer arm was estimated to vary withion the range 60-90X steps:

over the course of the experiment. This estimate was corroborated 1) The trigger hoduscope hirs were used to calculate a set of
by remparing (for 340-GeV¥/c pp reactions) our yield to the expected "reduced" triggers. A reduced trigger is a single A element
yleld of pions, kaoms, and pratoms hased on measured crass secrions {7]. matched with all valid B and C cowbinations present.

A Monte Carlo sodel of the specrrometer arm was used in the calculation 2} Fur each reduced trigger, a search for tracks was made in
tn account for the acceptance of our single-particle rrigger. All the downstrean chambers over a region determined by the extreme
resulta of rhe experiment which we repert Lo this paper are not B and € valid hits. A track was required to possess hits in at
sensitive ro the absolute efficiency of rhe spectrometer arm. least eight of the eleven planes. The 2% distribuclon Indicated

that nearly all of the reconstructed tracks were genuine. Each
track was projected back to the vertical midplane of the BM1DY
magner, A cut {determined by the A element) requiring that the
particle suffer only a small bend in passing through the magner
was then imposed. About 10X of the events aurvived the downstream
analysis.

3} The pesition of the event vertex was calculated using the
sevent¢en upstream planes. Judging by the sharpness with which the
distribution of vertices defines the target length, the s-coordlnate
of the vertex is derermined ro better than 1 cm,

4) The point of origin of the upstream trajectory vas fixed at
the vertew. A search fover a reglom defined by the A element)

for tracks was made In the two chambers closeat to the magnet
aperture. A track was required to possess hits in st leane five

of the six planes. The Zz distribution indicated that nearly
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all of the reconstructed tracks were genulne.

4 H ¥V T P -y A 2
Sy The three-comsttafnt fit at the magnel ceater was Lesled |

each pair of upstream and downstream tracks., Surviving fits were

checked to insure that the track passed through a valld coumbination

of ABC hits..

6) The minimum %F fit was taken to be the true track.
fhe limits of the various cuts were first ralculated using the sur-

veyed poslticns of the apparacus in the spectrometer arm and Compensaring

for the expected reselution of the multiwlire chambers., The program was

i f g take P
rhen tested on a sample ¢f evenis CaKED 3

with the
to about 207 of its standard value. Wwith che raduced current the nominal Pr

rrigger threshold was lowered te about 0.4 GeV/c; resulting in a sample

of events which was mostly genu1n€ single-particlie triggers. The positions

nd limits of the cuts were tuned to ifasure fuall efftclency of tha algorithm.

Adjuscments of less than 0.5 mm were required.
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B. The Calorimeter Arm

The caloripeter measured the total energy cacrried by all entering par-
ticles a9 well as the x aod y profiles of the energy discribution paccern,

The lcad section measured the energy carried by neutrai plons; the steel
secrion the energy carried by the remainlng hadrons.

In our 3nalysis we studied tle dfscribution of the total momentum carried
by all particles entering the calorimeter. We utilized an estimator (accurate
in the small-angle approximation) of the total momentum which did noc require
the derecntnation of the x and y coerdinates and encrgy of each of che
separate particles entering the calorimeter. The estimator used anly the
quantities: E, the total energy; <x> and <y>, the mean position of the total
energy; and 0x and Oy, the rms widths of the enetgy profiles. The total
momentum was calculated by the following procedure:

{1} The restr masses of all entering particles were rakan
to be negligibly small,

(2} The masses of the groups of particles enctering each
calorimeter section were calculated by the appreximate
relation

a? 4 52

2 st + 5
m x
N Bt 2l
where z 18 the distance along the beam line from the event
vertex to the fiducial plane of the section (a plane at the
depth where the shower maximum occurs on the averaga).
{3} The momentum of each group was then calculated by the

Telation

p =/ E- a? .
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For our events, m = 0,1 E so E and p differ by lesa than 1Z.

(4) The direc ion of the momentum vector was taken to be

along the line connecting the event vertex to the centrcid

(<x>, <y>) of the energy depusition pattern at the
plane.
(5) The momentum vectors Erom the two calorimeter
were added to obtain the total momentus vector for
ticles entering thg calorimeter.
The otlentation of the momentum vector was expressed in
azimathal angle about the beam line

-1 ,<x>
4, * tan (<y>)

snd the pseudorapidity along the beam line in the laboratory

n.* -la (tan (g))

where 8 1s the taberatory polar angle.

fiducial

sections

all parc-

terms of the

frame
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V. EVEKT DISTRIBUTIONS

The distributions of events obtalned in the spectrometer-rriggered mode
of rhe experiment at the highest beam energles are now given. In this mode
the experiment was senaitive to a flux of 2.6 x 109 280-CeV/c negative pions
and to & flux of 0,41 = 169 protons acriking the hydrogen target. Genuine
high-p: reaction samples of 9940 280-CeV/c ™ p events and 2418 340-GeV/c pp
events were obtained.

The ratfos of hlgh-pt parcicle production by the two dfifferent beama
are shown in Table 1., The ratios for both negative and positive particle
praduction are given. The data have been suammed over a range, 39 < 9 <« 132

wrads, of production angles which Includes pieces of both beam and target

regions. The absence of a negative charge io the {nitial pp state increasingly

suppresses negative particle production at larger transverse somentusm,
The production racios for positively charged particles are independent
of transverse momentym and agree roughly with the ratio of the numbers
of positive charges in the two Initial staces.

The variacion of the charge-production ratic with production angle is
shown in Table II. For the !dp data, the +/- ratio aystematically increases
a8 the production angle facremses from the 'y region to the p reglon. For
the pp data, the #+/- ratic {s about 1.7 indepandently of che production
angle. Our ratfo agrees with measurements of pp reactiona at 200 Cev/c {81].
The lack of varlation with production angle refleccs the forvard-backward

symmatry of the initial pp state.
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The recoil response in the calorimeter arm for single high-p. trigger

Py
particles In the spectrometer arm was the primary object of study fn the anslysis.
n an event-by-event basis, wide varfactons (iIn response to trigger particles of
similar transverse momentum) in che total transverse momentum in the calorimeter

were abserved. Nevertheless a clear correlation in the mean calorimeter response

wad seen.

The Pp neasured in the calovimeter vs. the Py of the spectrometer trigger

particle iz shown for 340 GeV/c pp rracrions in Fig,
reactions In Fig. 4. The three 11:;\-v—p,I data pojnre for the 280 GeV/c w—p data
were obtained from two runs taken with the BMIOS current reduced to 20T of 1its
usunl value. For both 340 GeV/c pp and 280 GaV¥/c = p reactions the fractfonal
ros widch, cl<pT>. of the distribution of measured transverse momenta in the

calorimeter i1s 0.7 for 2.0-GeV/c-p, spectrometer trigger particles and decreases

T
gradually te 0.5 for &.O—Gevfc—pr trigger particles,

The azimuthal angle, @c. of the total momentum measured In the calorimeter
va. the azimuthal angle, ¢s, of the spectrometer trigger parcticle 1s shown for
340 GCeV/c pp reactions tn Fig. 5 and for 280 GeV/c % p reactions in Fig. 6.

A tendency (which lncreases with Py af the spectrometer trigger particle}
towards coplanarity is clearly meen. For both 340 GeV¥/c pp and Z30 GeVjc “p
react long the rms wideth of the ¢c distribution shows litrle variation with
the Pr and ty of the trigger particle and 1s typically 0.3 cad.

The pseudorapidicy, Ngs of the total momentum measured fn the calorimeter
va. the pseudorapidicy, Mg+ of the spectrometer trigger particle ia shown for
340 GeV/c pp reactions in Fig. 7 and for 2BD CeV/c = p reactlons in Fig, 8.

For both 340 GeV/c pp and 280 GeV/c v p reactions no systematic variation of

", with either the n, oF Py of the trigger particle is observed. For & given

Ldo ehil ow o Ak o f L. . Adoe=d
ATl LHE © widin Ol ing n oisifi

Pr <
(n By af N.05 corresponda to a shift of 1.8 cm at the Flducial plane of the

R
o ani

steel section of the calorimeter.

-

V1. ANALYS1S OF EVENT DISTRIBUTIONS

A. The Four-Jet Model

The analysia consisted primarily of comparisons of the
gxperimental messuremants to the pradictions of a computer model
of four-jet events. The four-jst model wos phenomenclogical in
nature. The model was equipped with scversl parameters. It was che
abject ¢f the analysis ro datermine the range, if any, of valuss of
these paramaters vhich produces {its to our experimencal measuremencs.
The sotivation for the four-jet model was tha hope that reactions
favoiving production of large (>1 CaVic) transverse-momentum hadrons
nay be understood in terms of a single hard-scattering process
among conatituents of the two inittal-state hadrone. Tha scatterisg

process might result in the formatfon of an intermediats stace
which could be undarstood as coasisting of four objects: the two
scattured objects and the remainders of the twe initial hadrons.
The question of the Ldentity of these objscts was not sddressed i(n
our analysis. The objeces wi{ll be referrad to ss quarkse in all sub~
sequent discussion. The masses of the quarks are slvays taken to be
zeto.

The final-stats hadrons vers genarstsd by a two-itep Process.
The fierse stap was the seneratton of a four-quark intsrmediste state.
Fach quark was then independencly transformed into & jst of hadroms

to form the final state. The gensracion process was carried out im

tha cencer~of-mmss frame of the initial-state hadrons.
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The first twc (toward and away) quarks generyted represeated
the quarks which resulr from the hard scattering process. The
transverse momenta of these quarks wvere conscructed frow Cwo componecs:
one component due tu the momentum transfer in the scattetving process,
the other cumpunent due to the crangverse momentum of the quark in
the inltial hadron. The probability that the toward quark recelved
1 transverse momentum, P.. in the scattering process was parameterized

-2pLf<po?

as Jo/dpi - e T T . The probabilicy that the toward quark

nogsesged an initial ¢ransverde momentum, k_, was parameterized as
7

kel »?
dnfdki = @ vk Tf k"['

T
The values of <pT, and ‘kT, were adjusted in
the analvsis. The total transverse momentum cf the toward quark wag
aobcained by summine the Pr and kt vectors with a randvm relacive
azimuthal orf{entation.

The discributiun of longitudinal momentom, PL' of the topward
quark was hagsed on measured Py distributions far l+ produced with
transverse momentum between 1.0 and 2.5 GeV/c in pp celllatons [71.
"he generated distribution was of che form dn/dy = f(xL) where ¥
1s the rapidity of the quark, x - pL/po. and Py is the maxipum
possible longlitudinal momencum given che already determined rransverse

—4.0!L

momentun of the quark. The function f(xL) was approximately e

-1.7x
for 0<xL<.4. feil as e L far .4<th.?, and fell aore ateeply

for larger xL

The longitudinal momencum of the asway quark was generated so thar
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the longitudinai momentum of the toward~away two-quark system would be
GCaussian-discributed. The two=-quark longitudinal momentum distribution
wds expressed ln terms of L, where L {s the ratio of the two-quark longi-
tudinal momentum to the maximum possible longit.Jinal momentum, /;fZ.

For pp reaccions, the average value of L was taken to be zero. For =p

reqctions, <l> was adjusted in the analysis. The rms width, z of the

L’
two—quark longitudinal momentum distribuction was not varied atbitrarily.
Cuidance as to a reasonable value of GL was obtained by folding quark

longlitudinal momentum distriburions from each of the initial hadrens. In

the folding procuss we imposed the requirement that che two-quark mass be
large encugh to produce our ohserved high—pr trigger particles. The quark
disctribucion for the proron was raken ro be the sum of the discributions
for each of the various quark flavers as deduced by Fileld and Feynman [1].
Similarly, the quatk distribution for the piom was taken to be the sum

of the Fleld-Feynman estimares for the various quark flavor distribuzipas.
The folding calculacion gave the resule 9, = (.27 for pp reactions and

GL = .34 for =p reactlons.

The next step was to generate the transverse momentum of the away
tudrk. It w's already determined that this quark had transverse
mamencum, P due to the hard scactering processa. [t remained to
generate the transverse momentum that the away quark possesed [n
the inltial hadron. It was always assumed that the tuward and awav

quarks come from different hadrons. Consequently a k. value far the

T

remaining {nitlal hadron was required to be generated. The kT diatri-

ekt 2
burion was again raken to have the form dn/dk% L] wkT/LckT’ < In the
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analysis <kT> was alw .3 taken to have the game value in each initial
hadron, irTeapec
transverse momentum cof rhe away quark was then _PT+ET where BT had
a random erientation with respect to -PT.
The last step was the geaneration of the heam and target quarks.
The transverne momenta of these quatrks were already determined by
the left-over trangverse momentoem In the intefal hadtons zlnce the
total transverse momentum of all quarks in each inltfal hadron must
ba zero. The longitudinal momenta of the beam and target quarks were
calculated by the requirement that the energy-mowmentus four-vector
of the four-quark atate be the same as for the {pitial hadron stare.
With the generation of the four-quark state completed, the
final [our~let dtate was now generated. Each gquark vas independencly
transformed into a jet of hadrons. The jet generation procedure was
designed s¢ that the total energy of the fer parcicles would be equal
to the total energy of the quark. The total momantum of the jet then
muat be less than the momentum of the zero-mass quark by an amount which
depends on the jet mass which happens to be generated.
The longitudinal momenta of the et particles were generated by
1 recursive technique. The generating distribucion was dn/dz - (l—z)N
where z i4 the ratioc of the jet-particie longitudinal mosentum fo the
snergy in the pareat quark system. The transverse momenta of the jet
particles were gensrated according to the form dnldk% - a~k§liaz' The
{et generation process began with the generation of the longitudinal
momentus of the Ffirat jet particle with the parent quark possessing its

full epergy as assigned in the generation of the four-quark stare. The
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cransverse momentum of the first fet particle relucive to the quark
axi{s was then generated. The particle mass was taken to ba the
pion mass. The total enerpy of the jet particle was then subtracted
from the energy of the quark system, ylelding a value of energy to
be used in the generation of the jongitudinal momentum of the next
fet particle. The generation of jet particles preceaded in this
fashion until the energy in the quark system fell below a preset
value of 0.2 GaV.

In the development of the model, the values of the paraceters
N and 7 were adjusted until the generated fers resembled the jets
of hadrona produced in e+e’ annihilations as observed at the DORIS
and PETRA acorage rings. The results {%] of the PLUTO collaboration
for the average trangverae and average longitudinal momenta of thae
jet particles are reproduced in Flg. 9. 1In order to fit the data,
the values of both o and N were required to vary with the total jet
enargy. The value of ¥ was I for zero—energy jets and gradually
increased to 3.2 for lé~GCeV-energy lers. The value of ¢ wes 0.26 GCeV/c
at zero energy and incremsed to 0.42 GeV/c at 14 CeV. A further
requirement imposed was chat the angular discrubucion for all
particles genmrated for cwe back-to-back jets be smooth in paasing
from the forwatd to the backvard hemisphere., This smoothoess criterion
required that the transverse momenta be scaled down (by an average
factor of 1.75) for jet particles with cencer-of-aass longftudinal
momenta less than | GeV/¢ in magnitude. The behavior of the computer

modal ls represented by the solid lines in Fig. 3,



B. The Mode of the Experimental Apparatus posicion of the wire triplet in the chamber located ar the entrance
. [

te tha BM109 magnet.
The principal featuras of the spectrometer arm model were 9 the &

The » tromecar arm model wvas not made more elaborate since th
the three triggaer hodoscopes and the magnatic fleld of the BMIOY pac ac ™

t. The hodomcopes were modeled simply as two—dimensional primary object of the analysis vas not to measurs precisaly inclusive
magnet.

The mafnetic fleld vas modeled as being limited to the production cross secciond for high-pt single parcicles buc to seasure
apertures L,

1 bet the magnet pole pieces. Tha fleld atrength vas the recoil response in the calorimerer ance 3 high-pt particle is
volume betwean .

: detected 1In the 3psctromster arm. The spectrometer arm modal (g then
raken to be independent of the longlitudinal position within the P

net cricical.
magnet. The appropriate transverse variation of the fleld was then

The calorimeter~arm model was based closely on the response of
calculated from tha rasults of the long-fllp-coil measurements

Lib s cha calorimecer sa measured in the calibration procesa. The calorinmeter
made in che magnel ca rarion process.

d 1 1 £ ch od ticles in the magneti sums over the longitudinal teavelopment of the shower 3¢ the calibration
The curved trajectories of charg particles ] C

data coonsisced of sats of x and v profiles of depualted energy for
field were calculated by breaking tha field reglon into ten

£ . Mosc h *
squial-tength loagitudinal sesments. Each longitudinal segment was electrons and hadrons of known momencum ost of the calfbration data

tmated thin lens wete taken ar 4 momentum of 20 GeV/c. Farticles which entered the
ihan approximaced as 3 n -

™ ¢ the multiwire chambers was calculaced for calorimeter near irs centar were uded to determine the lLateral
& response o

particles which were found ra satisfy the hodomcops trigger require- spreading of the hadron showars. For 20-GeV/c hadrons the projected

wmunt. Approximatiens fo the reconstructed tracks upstream and rad wideh vas meagured to be 7.5 ce. The rms width of the width

downstream of the BM109 magnet vere calculated by generating errors discribotion was 3.1 ca. An "average” profile (for use in the modsl)

in tha truve positions of the wire triplers according to the calculated was constructed by summing sll the patterns. The lateral spreading

was found ro be indapendant of tha enerxy resaponse. Tha lateral
resolutton !oy = .15 om, 0. " .92mm ) of a fully sfficient criplet. Y

Th tructed downstream trajectory was calculated from the spreading of the electromagnatic showvers was too small to be measured
e reconstruc

tal in our calorimeter.
modified posicions in the triplets in the two chambers that providad accurately

The lead and stesl secticus of the calorimeter were modeled
the maximuns lever arm for this track. The reconstructed upstream

independentlv. Each section vas modeled in terms of a fiducial plane
trajectory wam calculaced using the generated vertex and the modified

at rtha aversge depth of the shower maxima. The longitudinally sucmsd

ensrgy-deposition patterns measured Lo the calibration process were
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taken ta occur solelv at the porition of this plane.

The algorithm for calculating the response of the sceel section
to an entering hadron was: (1) An energy was drawn from a discributien
based on the measured energy response for particles entering near
the center of the calorimerar. This energy was divided equally
batvWeen the x-measuring and y-measuring counters. (1) Independent
widthe for the x and y profiles were drawn from the measured width
diatribution. (3) The x and y profilas were obtained by scaling the
average profile to these widths. (4} The energy distribution in the
calorimeter was then calculated by centering the profiles on the
position of the incldent hadron at the fiduclal plane. The fraction
of energy in the x-measuring counters lying within the y-boundaries
of the calorimecer was calculared using the y-profile. The
surviving energy was then alloted among the x-measuring counters using
the x-profile. Energy in rhe x-profile beyond the x-boundaries of

cthe calorimeter was discarded. A wimilar process was carried cut

for the v-measuring counters. In this fashion the necessary modification

cf the response ar the edges and corners of the calorimeter was

accomplished. The ctesponse algoritha successfully reproduced the
response fur bhadrona incidant near the edge of the calorimecer as
measured in the calibration process.

A slmilar algoritha was used to calculate the responss of the
lead section to gamms rays arising from the decays of neutval pions.
The response (o gamms rays «as taken o be the same as che oeasured
response ro electrons. All elecrcromagnetic showers vare taken Co
have the same profile. The shape of cha profile was ohtained by

requiting that the calculated response at the edges reproduce our

-31l=~

{poorly) measured edge response. The profile adopted was sharply

peaked st its center and had an rms wideh of 1.2 cn.
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C. Comp.rtson of the Four-Jet Model to the Data

He constidered our measurement of the calorimcter response toe high-p..
trigger particies {n the spectromeler to be the most decisive test of our
model’s fundomental asasumption of a single hard-scattering process. 1In the
varflation ot the parameters of the model we directed our attention first to
tha two-arm correlation datn. Once values of the paramerters had been deter-
wlied by the rwo—arm dita we merely verif{led that the predictions of the model
wore in reasonable agresment with the inclusive data from each of the two
arms.  The value of rhe parameter “prt has no direct effect on the two-arm
tnrrelation predictiocns hence was ceonsldered to be of secondary importance.

W hepan our comparison with the 340-GeV/c pp data. Since the symmetry
nf rthe Initlal state foreces <L> to he zero we had only two free parameters

t: wwr madel. We zert b ro ke 0.3 LeVW/e and Found thar a silue of .95 Gellfe

T
vor ~pr- produced a good flt to the slope af the measured fnclusive wield [4]
o our calorimeter. Wlth ‘pTS a .95 GeV/c we proceeded ro test the model
faor the spectrometer-arm trigger mode of the experiment. The prredleted yleld
e-z'hSPT. Cur observed

of rrigger particles with pT>2.5 GeV/e wan dnfde -
yinld way dn!dpr - eiz'ﬁpT. With this level of agrremenr we proceeded o vary

the parameter <kT>. We were forced to lncrease the value of «kT> to 0.9 GeV/ic
before falr agreement (see Flg. 3) with the observed P, Tedpunae {n the calorimeter
could be obtalned. llowewer, even at this elevated value of \kT’ . the oodel
predicted (see Fig. 5) a greater degree of coplanarity than was obeerved in our
dira. The prediccinns for the pseudorapldicy correlation ate compared to the

#taea in Fig. 7. In the model, the generatlon of a morce-forward teward quark
results in the generatfon of a more-backward away quark in order to meet the

specifications for the <L distribution, Thus we expect, ar sufficiently
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high Pros that ng will be predicted to decrease as U increages. The results
of cur calculatfon show that this effect is barely discernible for the crigger-
patticle transvetse momenta we have avallable in our experiment., Cur pseudo-
rapidity data does not definitely discriminate betwaen the two cholceg of

<kT> values. The slope of the N, "V8.-n_ correlation !s less sensitive to
errors in the calorimeter calibration than la the abselute value of e on

the bagis of thils slope, the data show a preference for <kT> = 0.9 GeV/c.

The prediccions for the inclusive distributions in each arm were essentially
unchanged by the lnvrease of <kT> ta 0.9 GeV/c and remained in fair agreement
with our data.

We next compared our Four-let model to the 280-CeV/c W_p dara. We left

the parameter “ppr Set to the valie 0.95 GeV/r, Three cholces of values

[ar the remaining pailr of free paramecters were made: (1) -hrh = Y Gev, -,

<L> = Q.1; (2} fkr‘ = (0.9 GeV/e, <L> = 0.; (1} fkr" = 0.9 CeV/c, <L> = 0,1,

Fuor these three cholces the predictions for the yleld of rrigger particles with

8-2.5pT -2.7pr.

»2.5 Ge¥fc varfed from dn/dp, = to dn."dpT -8 all in reascnable

Pt

agreement with our meagured yield of dn/de - B-Z'BSPT.

The predictiona for
the pp Tesponse in the calorimeter are compared to the data in Fig. 4. Similarly
we compare the predictions for the degree of coplanarity to the data in Fig. 6
and the predictions for the pseudorapidity correlation to the data In Fig. 8.

In these three comparisons we include predicrions even at low values of tripger-
particle PT where the assumptions of the model are not cxpected to be accurate.
In all cases we find that the best agreement with our dara !s obtalned with

choice (1) for the parameter values,
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The calorimeter . ceptance {see Flg, 2) s ceatered slightly backward in the initial hadrons chrough the quark srattering dynapics. This link ia

fa the center—of-masa frame for 280-GeV/c 7 p reactions, fa azimputh, the made less distinct by the effects of the apparently large initial transverse
calorimeter gceeptance i85 centeraed opposite to the spectreneler acueptance. momentum wf Che quarks.
Py increasing <L, we sweep on average more and more of che away jet (which With the Information available in our experiment we limit ourselves to
1s recolling from the toward Jet that prowided the specrrometer trigger the following remark. By folding together the Flcld-Feynman quark distributicns
particie) furward past our calorimeter acceptance. Similarly, by lncreasing fur the pion and proton (with no inicial transverse momenta) while lmposing
<kT>, we disperse the away jets and thereby reduce the calorimeter acceptance the requirement that the two-gquark mass be large enough to produce a final-atate
fuor these Jets on the average. With less of the away jet detected, the hadren with transverse momentum greatetr than a threshold walue, p'l" we ohrain
centriburion of particles from the target and {less lwportartly) beam jers che results: pl_ = 0.6 GeV/c, <L> = 0.04; Pr w7 neVie, <L> = 0.10; pT - 7.9
has tote of an effect on the total response of the calorimeter. Cur model GeV/e, <L> = 0.21; and pr - 4.1 GeV/c, <L> = D.27. Our result that <L» = 0.1
calculations clearly show how the expected four-jet coreelatlon effects are indicates that the two—guark mass threshold required to produce our trigger-
dlmintsbed by increasing 'krv and <L>. hadrons Ls conalderly reduced by “he large transverse momenta of the aquarka

Since i reasing sfither ‘k,r" ar -L>» has the same tvpe of effoct, we in the initial hadrons.
2% oorr that a famlly aft ‘kT>. <L> patrs which produce fits to our 280-GeV/z The validity of che four-jet model would be most convincingly demon-
‘|—]) data could be mapped ont, Me have determined vae point on this Curve. strated by successfully flrtting, with the same chofce of patameter values,
Wur 7 p meddurements seem to be unable to provide separate decterminations of the data over a wide range of frigger-particle transverse momenta. In our
‘kT> and <L> on thelr own. In the 340-GeV/c pp data, where we had no freedom L sample we have significant numbers of events for trigger-particle
ta ey <Lr, we determtaed rhat nkT* = D.9 GeVWle. If we adopt this value tranaverse momentxz In the range I.SlpT<3.5 GeV¥/c, For the lower half of
for nip reacrions as well, we then determine that <L> = {,1. this range our model (with choice 1) ) predicts slighely greater calorimeter

We expict that <L> should be greater than zero for v p reactions due transverse-mementum values and a slightly greater coplanarity signal than
to the slower fall-nff with x of the quark distribution functien for the 7 wy ohserve fn uur data. For the upper-half range our model glves a good
as vompared to the quark dfstribution funerion for the proton. It is difficult £it { although the Qt values In Fig, 6{d) are slightly low the ‘c-vs'_¢s
te quantify this expecratlon. We have measured the average longitudinal momencum slope s accurately fit )} to the data. Thus we see that we have not achieved
oi two-quick systems which suffer hard callisions and subacquently produce a a p-independent f1it. Since it would require even greater values of ﬁkT‘
trigger-hadron fur our apparatus. Dur result 1s linked to the quark distributions and <L> to fit the data in the lower—half range we judge that the accuracy

of our model increases with Py over the range of trigger-particle transverse

momenta avallable in our Jata.
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D. Comparison with Other Experiments

The UA:Z experiment at the CERN collider hag seea {l0] clear examples
af four-jet tnpoleogies in large-rransverse-energy (ET > A0 GeV) p; events at
47 = 560 CaV. Also at the CERN coillder, the UAl experiment (11| has obaerved
rapidity and azimuchal angle correlarlons between htgh-pT charged particles which
<uggest coplanar productlon of two cilusters in opposite azlmuthal hemispheres.

Four-Jet topologies have been seen to be much less distio-c at lower values
3f /5. A3 a conmequence these lower-energy experiments have had to cope with
a selecrcion problem. Each experiment plcks out the subset of large-transverse-
eneryy avents which happens to sarisfy lts trigger requiremants, The extent to
which four-jet events are present in this sample must than be derearmined through
comparison of the data to the pradilctions of a computer model of Four-jer evencs.

A¢r the CERN [SR, the Axial Fleld Spectromerer Collaborativam [12] has
;easuced pp rveactions at /3 263 CeV in a latge-aperture spectrometer which was

riggered vn che transverse energy fn a l.7-sr-accepeance hadron calurimeter.

ry comparing their data to the predictions of the ISAJET four-Jet model [11]
with and without a hard-scattering component they deduce that the hard component
domina s ln events ln which che trigger ET exceeds 10 CeV.

Also ar the CERN ISR, The CCOR Collaboration has measured pp teactions at
1lerach? GeV uaming a large-acceptance spectroseter triggered on high-pT neutrral
ptons in 1 'imited-azimuch array of tead glass countera. From pesgurenents, for
all vharged particles in the event,of the cowmponent of the tranaverse momentum
which Is out of the plane formed by the trigger »® and the intersecting beams,
the CCOR group waa able to deduce [14} mean values Ffor the parten transverse

]

mom@rtkum kT tn the initlal-gtacre protens. The value of <k%>

was determined

to (ncrease slowly with hoth the trigger-particle tranaverse momentum, pTrig'
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and Y. In the kinematic region (/5 = Il Gev, Pregg © 1-2 GeV/c) vhich is
quite close to out experiment, the CCOR result was (kTZJUZ. 0.8 CeV/c. This
result ts slightly less than our result <kT2Jf2- 2<kT>IJ; = 1.0 GaV/c obtalned
by analvzing the correlation of all hadrons recoiling from a single high—pT
charged plon.
Fixed-target experiments at CERN (7p and pp collisions at 4; = 23 GeV) and
at Fermilab (pp collisfons at Ja = 21 GeV) which triggered vn the tocal transverse
energy In full-azimuthal-acceptanca calorimeters have observed [5.6] that planar
events constitute cnly a small fracction of the event sample. Furthermore this
fraction 1s observed not to increase for ET values which extend out to 20 GeV,
Ferwilab E260 has measured event stfucture in #p and pp reacciona at Ve - 19
GeV ustng a multiparticle spectrumerer triggered on hadron calorimectera of
iimited azimuthal acceptance., The cbserved vveat structure “on both the trigger
and away sides) was emplained {3] in terma of a D four-jet model which included
the affects of both quark and gluon two-bodv scattering.
Fermilab F395 [2] measured the correiation between gtoups of hadrons
which enter two calorimerer arms of limired azimuthal acceptance. The meajutements
were made for mp reactions at /3 = 19 Ce¥ and pp reactions at /3 = 19-17 CeV.
By comparing the correlated angular diseributions in the two arms for wp and
pp reacctions, E195 was able to show thar the =p reacticns are more forward than
the pp reac¢tions on average. Their result agrees qualitatively with our resule
that <L> = 0.l for np reactlons. By sdcribing the imbalance In transverse momencuym
in the two arms to parton transvarse womentum effects, values of ck%>‘/2 vere
decermined. The value of <k%>"2 was observed to be large and to increase slowly

with the average transverse comsntum, tn the two calorimeters. The value of

PTA.
<k%>1f2 ;as obaerved to increase fromQ,9 GaV/c at Pra ” 2.3 Ca¥/c to 1.) CeV/c
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at pm- 4.1 GeV/c, This result corresponds closely to our result that

k%alfz « 1.0 GeV/c. As In our experloent, E395 could see no apparent

difterence in <k%"f2 for mp and pp reactions.

VIIl. SUMMARY

We have measured hlgh—pT correlations in J40-GeV¥/¢ pp and 2B0-GeV/c
ﬂ-p reactions. Correlations between single Mgh—p,r trigger parcicles on
ona side of the beam line and groups of particles entering a calorimecer on
the opposite side of the beam line were measured, On an event-by-event
basis we observe, in response to shluar-p,r trigger particles, wide variations

in che total ine

afcer averaging over many events. We see, as the trigger-particle transverse
wogentus increases, an ilncreasing transverse momentum in the calorimetar as
well as an increasing degree of coplanarity with the trigger particle of the
tortal calorimeter response.

We have developed a phenomenclogical four~jet model and compared the
prediccions of chis model to cur data. In the model we assume that high-p.r

reactions proceed via a single hard-scattering procesa among the hadron con-

™

a a
to be the same 33 the hadronizstion measured in e+a- ceactions. We find that
our data can be fit by the model only if we give large ( 0.9 GeV/c ) transverse
moments to che constituents of rhe initial hadrons. We present evidence chat

the high-p. component of t-p reactions {s forward om average in the l“P
T

canter-of-mass frame.
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FIGURE CAPTIONS

rig. 1. Flan view af _he experiment.

Flg., 2. Beam view of the experiment. The polar angles for the center-of-

aags frame of & 280-GeV/c F‘p reaction are superposed,

Fig. 3. Tha response in the calorimeter arm to high—p,r single~particle
triggers in the spectrometer arm for 340=CeV/c pp reactions. The solid

ines are predictions of the four-jet model.

Fig. 4. The response in the calorimeter arm to high—p.: sinogle-particle
triggers in the apectrometer arm for 280-GeV/c # p reactions. Shown also
are three luu-—p.r data peints taken in special runs with reduced nagnet

curvent. 'The solid lines are predictiona of the four-jer model.

f1g. 5. The mean azimuthal angle of the transverse momentum measured in

the calorimeter versus the azimuthal angle of the trigger particle in the

spectrometer for 340-CeV/c reactions. Equsl values of §c and L correspond

to a coplanar response. Hote the expanded verrical scale. The data are for
trigger-particle transverse momenta in the range 1.5¢p.rc2.5 Gav/e. The

solid lines are predictions of the four-jec model.

Fig. 6. The mean ariputhal gngle of the transverse momentum measured in
the calorimeter versus the azimuthal angle of the trigger particle in the

spactrometer for 280-GeV/c v p reactions. The data are shown for four

bins of trigger-particle transverse momenful. The solid lines are predictiona

of the four-jet model.

~45=

Fig. 7. The mean pseudorapidity of the total momentum measured in the
calorimeter versud the pseudorapldity of the trigger particle in the
spectrometer for J40-GeV/c pp reactions. The pseudecrapidities are cal-
culated in the laboratory frame. Note the expanded vertical scale. The
solid lines are predictions of the four—}et model. The data are shown

for two bins of trigger-particle transverse momentum.

Fig. 8. The mean pseudorapidity of the total momentum measured in the
calorimeter versus the pseudorapidity of the trigger particle in the
spectrometer for 2B0-CaV/c n-p reactions. The data are shown for four
bins of etrigger-particle transverse momentum. The aclid lines are pre—

dictions of the four—jet model.

Fig. 3. The mean longitudinal and transverse momenta of the particles
is a Jet as generated by the Monte Carlo model. The model was developed
to reproduce the measured hadronizatien in e+e- reactions at the cor-
responding energy. In the figure we have reproduced the d.ar.n. of the PLUTO

Collaboration caken at the DORIS and PETRA storage rings [9].
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